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Claims 



1. Protein having the following physicochemical properties 
and activity inhibiting differentiation and/or maturation of 
osteoclasts: 

(a) Molecular weight (by. SDS-PAGE) : about 60 kD (under 
reducing conditions) or about 60 kD and about 120 kD (under 
nonreducing conditions) ; 

(b) Affinity: showing affinity to cation exchanger and 
heparin; 

(c) Thermal stability: the osteoclast 
differentiation/maturation inhibition activity is reduced by a 
thermal treatment at 70°C for 10 min or 56°C for 30 min, and the 
osteoclast differentiation/maturation inhibition activity is lost 
by a thermal treatment at 90 °C for 10 min; 

(d) Amino acid sequence: as an internal amino acid sequence, 
it has the amino acid sequence of sequence Nos. 1-3 in the 
sequence table. 

2. A protein of Claim 1, produced by human fibroblasts. 



3. Process for the production of a protein of Claim 1 or 2 
characterized by carrying out cell culture of human fibroblasts' 
and purifying the culture solution using ion-exchange, heparin, 
affinity and reverse-phase columns to carry out adsorption and' 
elution. 

4. A process for the production of a protein of Claim 3 
wherein the cell culture is carried out using alumina ceramic 
chips as a supporter. 

5. cDNA coding for an amino acid sequence represented by 
sequence No. 4 in the sequence table. 

6. DMA to be hybridized with cDNA coding for an amino acid 
sequence represented by sequence No. 4 in the sequence table. 

7. cDNA represented by base sequence No. 5 in the sequence 
table. 

8. Protein having expression of cDNA coding for an amino 
acid sequence represented by sequence No. 4 in the sequence 
table. 

9. Protein having expression of cDNA coding for an amino 
acid sequence with homology of 80% or higher to an amino acid 
sequence represented by sequence No. 4 in the sequence table and 
showing an osteoclast differentiation and/or maturation 
inhibitory activity. 

10. Genetic engineering process for the production of a 
protein having the following physicochemical properties and 
showing an osteoclast differentiation and/or maturation 
inhibitory activity, characterized by using cDNA coding for an 
amino acid sequence represented by sequence No. 4 in the sequence 
table as a gene: 
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(a) Molecular weight (by SDS-PAGE) : about 60 kD (under 
reducing condition) or about 60 kD and about 120 kD (under 
nonreducing conditions) ; 

(b) Affinity: showing affinity to cation exchanger and 
heparin; 

(c) Thermal stability: the osteoclast 
differentiation/maturation inhibition activity is reduced by a 
thermal treatment at 70°C for 10 min or 56°C for 30 min, and the 
osteoclast differentiation/maturation inhibition activity is lost 
by a thermal treatment at 90° for 10 min; 

(d) Amino acid sequence: as an internal amino acid sequence, 
it has the amino acid sequence of sequence Nos. 1-3 in the 
sequence table. 

Detailed explanation of the invention 

\ 

[0001] 

Industrial application field 

This invention pertains to a novel protein showing an 
activity inhibiting differentiation and/or maturation of 
osteoclasts, that is, osteoclast inhibitory factor (OCIF) , and a 
process for the production thereof. 



[0002J 



Prior art 



Absorption and regeneration are always repeated in the case 
of human bone, and osteoblasts for bone formation and osteoclasts 
for bone resorption play major roles in this process. As a 
typical disease caused by abnormal bone metabolism carried out by 
these cells, osteoporosis has been known. This disease is caused 
by the function of bone resorption by osteoclasts exceeding that 
of bone formation by osteoblasts. The mechanism of occurrence of 
this disease has yet to be fully elucidated, but this disease 
causes bone pain and bone fractures due to the bone becoming 
fragile. As the population of elderly increases, this disease 
causing bedridden elderly patients due to bone fracture has 
become a problem of society, and the development of a drug for 
treating this disease has become an urgent task. These bone 
reduction diseases due to abnormal bone metabolism are hopefully 
treatable by inhibition of bone resorption, promotion of bone 
formation or improvement in their balance. 

[0003] 

Osteogenesis is expected to be promoted by promoting 
proliferation, differentiation and activation of cells involved 
in osteogenesis or by inhibiting proliferation, differentiation 
and activation of cells involved in bone resorption. Interest in 
physiologically active proteins (cytokines) having such 
activities has increased in recent years, and research has been 
actively carried out. As cytokines promoting proliferation or 
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differentiation of osteoblasts, there are reported cytokines such 
as fibroblast growth factor (FGF, Rodan, S.B., et al., 
Endocrinology, Vol, 121, p. 1917, 1987), insulin-like growth 
factor I (IGF-I, Hock, J.M., et al., Endocrinology, Vol. 122, 
p. 254, 1988), insulin-like growth factor II (IGF-II, McCarthy, 
T., et al., Endocrinology, Vol. 124, p. 301, 1989), activin A 
(Centrella, M., et al,, Mol. Cell. Biol., Vol. 11, p. 250, 1991), 
transforming growth factor-0 (Noda, M., The Bone, Vol. 2, p. 29, 
1988), vasculotropin (Varonique, M., et al., Biochem. Biophys, 
Res. Commun., Vol. 199, p. 380, 1994), bone morphogenic proteins 
(BMPs; BMP-2, Yamaguchi, A., et al., J. Cell. Biol. Vol. 113, 
p. 682, 1991; OP-1, Sampath, T.K., et al., J. Biol. Chem., Vol. 
267, p. 20,532, 1992 and Knutsen, R. , et al., Biochem. Biophys. 
Res. Commun., Vol. 194, p. 1352, 1993), etc. 

* [0004] 

On the other hand, as cytokines inhibiting osteoclast 
formation, that is, differentiation and/or maturation of 
osteoclasts, there are reported cytokines such as transforming 
growth factor-3 (Chenu, C, et al., Proc. Natl. Acad. Sci., USA, 
Vol. 85, p. 5683, 1988), interleukin 4 (Kasano, K., et al., 
Bone-Miner., Vol. 21, p. 179, 1993), etc. Furthermore, as 
cytokines inhibiting bone resorption by osteoclasts, there are 
reported cytokines such as calcitonin ( [no author given] 
Bone-Miner., Vol. 17, p. 347, 1992), macrophage colony-stimulating 
factor (Hattersley, G., et al., J. Cell. Physiol., Vol. 137, 
p. 199, 1988), interleukin 4 (Watanabe, K., et al., Biochem. 
Biophys. Res. Commun., Vol. 172, p. 1035, 1990), interferon-y 



(Gowen, M., et al., j. Bone Miner. Res., Vol. l, p . 4 69, 1986), 



etc. 
[0005] 



These cytokines are hopeful as drugs for improving bone m,. 
diseases by osteogenesis promotion or bone resorption inhibition" 
and,some of the above cytokines such as insulin-like growth 

LMed I ;. Cyt °^ neS ° f b ° ne »1*og«lc proteins, etc., have been 
tested clinically as drugs for improving bone metabolism. 
Furthermore, calcitonin has been commercially available a* a 
treatment drug or pain-reducing drug for osteoporosis. 

[0006] 

Problems to be solved by the invention 

As a presently available drug for treatment of diseases 
related to bone and shortening the treatment period, there are 

lii lT? r d ^ eXafflPle ' 3CtiVe V±tamin D " calcitonin 

and its derivatives, hormone formulation such as estradiol, etc., 
ipriflavone or calcium formulation, etc. Treatment using these 
drugs is not necessarily satisfactory with respect to the effects 
and treatment results, and it has been desirable to develop a new 
treatment drug to replace these drugs. As described above, the 
bone metabolism is adjusted depending on the balance between 
osteogenesis and bone resorption, and a cytokine inhibiting 
differentiation/maturation of osteoclasts is hopeful as a drug 
for treating bone loss diseases such as osteoporosis. Therefore, 
the problem to be solved by this invention is to provide a novel 
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osteoclast formation inhibitory factor and an effective process 
for the production of it. 

[0007] 

Means to solve the problems 

• The inventors of this invention studied diligently the 
situation described above, and as a result, they found a protein 
OCIF having an osteoclast inhibitory activity, that is, activity 
inhibiting differentiation and/or maturation of osteoclasts in a 
culture solution of human embryonic pulmonary fibloblast cells 
IMR-90 (ATCC deposition No. CCL186) . 

Furthermore, they also found that if alumina ceramic chips 
are used as a supporter of cell culture, it is possible to 
achieve accumulation of the osteoclast inhibitory factor (OCIF) 
of the present invention in a high concentration in the culture 
medium, enabling efficient purification. 

In addition, the inventors of the present invention 
established a method for efficient purification of the above 
protein OCIF by repeatedly carrying out adsorption and elution of 
the culture solution with ion-exchange, heparin, affinity and 
reverse-phase columns in that order. 

[0008] 

Subsequently, based on the information on the amino acid 
sequence of the natural protein prepared, cloning of cDNA coding 
for the protein was successfully carried out. The cloned cDNA was 
used to establish a genetic engineering process for the 
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production of a protein showing an osteoclast differentiation 
and/or maturation inhibitory activity. 

This invention pertains to a protein characterized by being 
of human embryonic pulmonary fibroblast origin, having a 
molecular weight by SDS-PAGE under reducing conditions of about 
60 kD or by SDS-PAGE under nonreducing condition of about 60 JcD 
or about 120 kD, showing affinity with cation-exchange and 
heparin columns, its activity inhibiting differentiation and/or 
maturation of osteoclasts being reduced by carrying out a thermal 
treatment at 70°C for 10 min or 56°C for 30 min and being lost by 
carrying out a thermal treatment at 90 °C for 10 min. The 
structure of the protein OCIF of this invention is clearly 
different from those of already known osteoclast inhibitory 
factors. 

Furthermore, this invention also pertains to a process for 
the production of the above protein OCIF, characterized by 
culturing human fibroblasts, treating the culture solution over a 
heparin column, eluting its adsorption fraction, applying it to a 
anion-exchange column to obtain a nonadsorption fraction which is 
subsequently applied to a cation-exchange column for adsorption 
and elution, and furthermore, carrying out purification with 
heparin, affinity and reverse-phase columns to collect the 
protein. The column treatment in this invention includes not only 
allowing the culture solution to be applied simply to a 
heparin-Sepharose column but also other procedures exhibiting the 
same effects as those achieved by mixing the culture solution 
with heparin-Sepharose, etc., by using a batch method and 
carrying out a column treatment. Furthermore, the affinity column 
used in this invention is optimally a Cibacron Blue column. As a 
packing material for this Cibacron Blue column, Sepharose 
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(cellulose) as a supporter with a pigment Cibacron Blue F3GA 
bound is used/ and this column is conventionally called a blue 
column. 

Furthermore, this invention also pertains to an efficient 
process for the production of the above protein by carrying out 
cell culture using alumina ceramic chips as a supporter. 

[OO99] 

The protein OCIF of this invention can be isolated and 
purified efficiently in a high yield from a culture solution of 
human fibroblasts. The production of the protein OCIF of this 
invention from this raw material is carried out using a 
conventional method for the isolation of a protein substance from 
a biological material. Namely, the desired protein OCIF is 
isolated and purified using various procedures to utilize its 
physical and chemical properties. As a concentration method, 
there are conventional biochemical processing procedures such as 
ultrafiltration, lyophilization, salting out, etc. Furthermore, 
as a purification means, there are various procedures 
conventionally used for protein procedures such as ion-exchange 
chromatography, affinity chromatography, gel filtration 
chromatography, hydrophobic chromatography, reverse-phase 
chromatography, preparative electrophoresis, etc., and their 
combination. As a human fibroblast, human embryonic fibloblast 
IMR-90 (ATCC-CCL186) is optimally used. The culture of human 
embryonic fibroblast IMR-90 cells used as a raw material is 
carried out by allowing human embryonic fibroblast IMR-90 cells 
to be adsorbed on alumina ceramic chips, using a DMEM medium 
(manufactured by Gibco) with 5% fetal bovine serum added as a 
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culture medium and carrying out standing culture in a roller 
bottle for one week to 10 days. Furthermore, at the time of 
purification, a surfactant, 0.1% CHAPS 

(3- [3-cholamidopropyl-dimethylammonio] -1-propanesulfonate) is 
desirably added. 

[0010] 

i 

The specific purification method for the protein OCIF of 
this invention is as follows. First, a culture solution is 
applied to a heparin column (heparin Sepharose CL-6B, 
manufactured by Pharmacia Co.), it is eluted with a lOmM Tris-HCl 
buffer solution at pH 7.5 containing 2M NaCl to obtain a 
heparin-adsorbed OCIF fraction, which is applied to a Q 
anion-exchange column (HiLoad-Q/FF, manufactured by Pharmacia 
\ Co.) to obtain a nonadsorption fraction, and the fraction 

obtained is a heparin adsorptive and basic OCIF fraction. The 
OCIP active fraction obtained is purified by applying to an S 
cation-exchange column (Hi Load-S/HP, manufactured by Pharmacia), 
heparin column (heparin-5PW, manufactured by Toso Co.), Cibacron 
Blue column (Blue-5PW, manufactured by Toso Co.), reverse-phase 
column (BU-300C4, manufactured by Perkin Elmer Co.), and the 
substance isolated is specified by the properties described 
above . 

[0011] 

Furthermore/ this invention pertains to a process for 
obtaining a protein OCIF showing an osteoclast differentiation 
and/or maturation inhibitory activity by cloning cDNA coding for 
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the protein based on the amino acid sequence of the natural 
protein prepared as described above and using this cDNA cloned in 
a genetic engineering method. Specif ically, the OCIF protein 
purified according to the above method of this invention is 
treated with an endoprotease (for example/ lysyl endopeptidase) , 
the peptides formed are used for amino acid sequence 
determination, and an oligonucleotide mixture coding for the 
results of this internal amino acid sequence determination is 
prepared. 

Subsequently, the prepared oligonucleotide mixture is used 
as a primer, and the PCR method (preferably RT-PCR method) is 
used to obtain OCIF cDNA fragment. This prepared OCIF cDNA 
fragment is used as a probe, and the entire cDNA of OCIF is 
cloned from a cDNA library. The prepared OCIF cDNA is inserted 
into an expression vector to prepare an OCIF expression plasmid, 
which is introduced into various bacteria or microorganism 
strains for expression, and as a result, it is possible to obtain 
recombinant OCIF. 

[0012] 

Furthermore, the OCIF activity is measured according to the 
method of Masayoshi Kumegawa, et al. (Tanpakushitsu, Kakusan, 
Koso, Vol. 34, p. 999, 1989) and Takahashi, N., et al. 
(Endocrinology, Vol. 122, p. 1373, 1988). Specifically, the 
target cell used was a bone marrow cell of 17-day-old mouse, and 
the osteoclast formation inhibition was measured in the presence 
of active vitamin D 3 (calcitriol) using inhibition of the 
induction of tartaric acid-resistant acid phosphatase activity. 
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[0013] 

The protein of this invention, osteoclast inhibitory factor, 
is useful as a drug for treatment or improvement in bone loss 
diseases such as osteoporosis, etc., and other abnormal bone 
metabolism diseases as well as an antigen to establish 
immunological diagnostic means for these diseases. The protein of 
thi^ invention can be administered orally or nonorally after 
formulation. Specifically, the formulation containing the protein 
of this invention can be safely administered to humans as a drug 
composition containing the osteoclast inhibitory factor, af this 
invention as an effective active component. 

As a type of drug composition, there are [intramuscular] 
injection composition, intravenous injection composition, 
suppository, nasal spray, sublingual tablet, percutaneous 
absorption drug, etc. In the case of an injection composition, a 
pharmacologically effective amount of the osteoclast inhibitory 
factor of this invention is mixed with a pharmaceutical ly 
permitted carrier, and excipients/activators such as amino acids, 
saccharides, cellulose derivatives and other conventionally used 
organic/ inorganic compounds added to injection compositions may 
be used. Furthermore, in the case of preparation of injection 
formulations using the osteoclast inhibitory factor of this 
invention and these excipients/activators, pH adjuster, buffer, 
stabilizer, solubilizer, etc., may be added using conventional 
procedures to obtain injection formulations. 
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[0014] 

Application Example 1 

This invention is explained specifically in detail by using 
application examples as follows, but they are merely examples and 
this invention is not restricted by these examples at all. 
J 

Preparation of human fibroblast IMR-90 cell culture solution 

Human embryonic fibroblast IMR-90 cells (ATCC-CCL186) were 
cultured in a roller bottle (490 cm 2 , 110 x 171 mm, manufactured 
by Corning) by allowing it to be adsorbed on 80 g of alumina 
ceramic chips (99.5% of alumina, manufactured by Toshiba Ceramics 
Co.) For the actual culture 60 roller bottles were used, 500 mL 
of lOmM HEPES buffer-added DMEM medium (Gibco-BRL Co.) with 5% 
calf serum added were used per bottle, and standing culture was 
carried out at 37°C in the presence of 5% C0 2 for 7-10 days. 
After culture, the culture solution was recovered, fresh culture 
medium was added, and 30 L of an IMR-90 culture solution were 
prepared by single culture. The culture solution obtained was 
called Sample 1. 

[0015] 

Osteoclast inhibitory activity measurement method 

For measuring the activity of the protein osteoclast 
inhibitory factor of the present invention, the method of 
Masayoshi Kumegawa, et al., (Tanpakushitsu, Kakusan, Koso, Vol. 
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34, p. 999, 1989) and Takahashi, N. , et al. (Endocrinology, Vol 
122, p. 1373, 1988) was used. Namely, the osteoclast formation in 
17-day-old mouse bone marrow cells in the presence of active 
vitamin D 3 was tested by induction of tartaric acid-resistant 
acid phosphatase activity, and its inhibition activity was 
measured. Specifically, 100 uL of a sample diluted with an a -MEM 
medium (Gibco BRL) containing 2 x io-k active vitamin D 3 and io% 
fetal bovine serum were placed in a 96-well microplate, 3 x 10 s 
17-day-old mouse bone marrow cells suspended in 100 uL of the 
a-MEM medium with 10% of fetal bovine serum added were 
inoculated and cultured at 37»C and 100% humidity with 5% C0 2 for 
one week. On the 3rd day and 5th day of culture, 160 uL of the 
culture solution were discarded, and 160 ul of a sample diluted 
with the a-MEM medium containing 1 x 10"* active vitamin D 3 and 
10% fetal serum bovine were added. After the 7th day of culture, 
the cells were washed with a phosphate-buffered physiological 
saline solution, fixed with ethanol /acetone (1:1) at room 
temperature for 1 min, and the osteoclast cell formation was 
detected by staining, using a tartaric acid-resistant acid 
phosphatase activity measurement kit (acid phosphatase, 
leukocyte, catalog No. 387-A, Sigma). The reduction in the acid 
phosphatase activity-positive cells in the presence of tartaric 
acxd was considered to be the OCIF activity. 
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[0016] 

OCIF purification 

i) Purification with heparin Sepharose CL-6B 

About 90 L of IMR-90 culture solution (Sample 1) were 
filtered through a 0.22-pm filter (hydrophilic millidisc, 
2000 cm 2 , Millipore) and applied in 3 aliquot to 80-mL column 
heparin Sepharose CL-6B (5x4.1 cm) equilibrated with lOmM 
Tris-HCL buffer solution (called Tris-HCl, below) at pH 7*5 
containing 0.3M NaCl. After washing with lOmM Tris-HCl at pH 7.5 
at a flow rate of 500 mL/h, elution was carried out with lOmM 
Tris-HCl/2M NaCl at pH 7.5 to obtain 900 mL of a heparin 
Sepharose CL-6B adsorption fraction which was called Sample 2. 

[0017] 

ii) Purification with HiLoad-Q/FF 

The heparin Sepharose adsorption fraction (Sample 2) was 
dialyzed against lOmM Tris-HCl at pH 7.5, CHAPS was added to 
0.1%, and the solution was allowed to stand overnight at 4°C. 
Subsequently, it was applied in two aliquot to an anion-eixchange 
column (HiLoad-Q/FF, 2.6 x 10 cm, Pharmacia) equilibrated with 
0.1% CHAPS-added 50mM Tris-HCl at pH 7.5 to obtain 1000 mL of a 
nonadsorption fraction which was called Sample 3. 
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[0018] 

(iii) Purification with HiLoad-S/HP 

The HiLoad-Q nonadsorption fraction (Sample 3) was applied 
to a cation-exchange column (HiLoad-S/HP, 2.6 x 10 cm, Pharmacia) 
equilibrated with 50mM Tris-HCL. 0. 1% CHAPS at pH 7.5. After 
washing with 0.1% CHAPS-added 50mM Tris-HCl at pH 7.5, elution 
was carried out using linear gradient to obtain an NaCl 
concentration of 1M by taking 100 min at a flow rate of 8 mL/min, 
and the eluent was fractionated to factions of 12 mL/ fraction. 
Ten fractions each of the fractions 1-40 were combined to obtain 
4 combined fractions, 100 \xl each of which were used to measure 
OCIF activity. The OCIF activity was observed in fractions 11-30 
(Figure 1, in the figure, ++ shows an activity of 80% or more 
inhibition of osteoclast generation, + shows an activity of 
30-80% inhibition of osteoclast generation, and - shows no 
activity detected) . A combined fraction of fractions 21-30 
showing a higher relative activity was selected to be Sample 4. 

[0019] 

iv) Affinity column (heparin-5PW) purification 

After 120 mL of Sample 4 were diluted with 240 mL of 0.1% 
CHAPS-added 50mM Tris-HCl at pH 7.5, the solution was applied to 
an affinity column (heparin-5PW, 0.8 x 7.5 cm, Toso) equilibrated 
with 0*1% CHAPS-added 50mM Tris-HCl at pH 7.5. After washing with 
a 0.1% CHAPS-added 50mM Tris-HCl at pH 7.5, elution was carried 
out using linear gradient to obtain an NaCl concentration of 2M 



by taking 60 min at a flow rate of 0.5 mL/min, and the eluent was 
fractionated to fractions of 0.5 mL/ fraction. Subsequently, 50 uL 
of each fraction were used to measure OCIF activity, and 10 mL of 
an OCIF active fraction eluted with about 0.7-1.3M of NaCl were 
obtained and called Sample 5. 



[0020] 

v) Affinity column (Blue-5PW) purification 



After 10 mL of Sample 5 were diluted with 190 mL of a 
0.1% CHAPS-added 50mM Tris-HCl at pH 7.5, the solution was 
applied to an affinity column (Blue-5PW, 0.5 x 7.50 on, Toso) 
equilibrated with a 0.1% CHAPS-added 50mM Tris-HCl at pH 7.5. 
After washing with 0.1% CHAPS-added 50mM Tris-HCl at pH 7.5, 
elution was carried out using linear gradient to obtain an NaCl 
concentration of 2M by taking 60 min at a flow rate of 
0.5 mL/min, and the eluent was fractionated to fractions of 
0.5 mL/fraction. Subsequently, 25 uL of each fraction were used 
to measure OCIF activity, and OCIF active fractions 49-70 eluted 
with about 1.0-1. 6M NaCl were obtained (Figure 2, in the figure + 
shows an OCIF activity, and ++ shows an especially high OCIF 
activity) . 

[0021] 

vi) Reverse-phase column purification 



After 10 uL of 25% TFA (trif luoroacetic acid) were added to 
1 mL each of the fractions 49-50 obtained, the mixture was 
applied to a reverse-phase column (BU-300, C4, 2.1 x 220 mm, 
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Perkin-Elmer) equilibrated with 0,1% TFA-added 25% acetonitrile* 
Elution was carried out using a linear gradient to make an 
acetonitrile concentration to 55% by taking 60 min at a flow rate 
of 0.2 mL/min and each peak was fractionated (Figure 3) . 
Subsequently, 100 pL of each peak fraction were used to measure 
OCIF activity, and the concentration-dependent activity was 
detected in peaks 6 and 7. The results are shown in Table I 

[0022] 

[Table I] 

OCIF activity of fractions from a reverse-phase column 



1 

1 


l 

1 1/4 0 

H— 1 


1/1 2 0 | 


1 1 j 

1/3 60|1/1080| 


©1 £-*6 


1 ++ 1 


: 1 

+ + 1 


+ 1 -1 




1 ++ 1 


+ 1 

1 





Key: 1 Dilution rate 

2 Peak 6 

3 Peak 7 

(In the table, ++ shows an activity of 80% or higher 
inhibition of osteoclast formation, + shows an activity of 30-80% 
inhibition of osteoclast formation, and - shows no activity 
detected. ) 
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[0023] 

OCIF molecular weight measurement 

SDS-polyacrylamide gel electrophoresis under reducing or 
nonreducing conditions was carried out using the OCIF-active peak 
6 and peak 7 in the amount of 40 pL each. Specifically, 20 ]XL 
each of each peak fraction were placed in two tubes for vacuum 
concentration, subsequently dissolved in 1.5 uL of a mixture of 
lOmM Tri-HCl at pH 8 containing lmM EDTA, 2.5% SDS and 0.01% 
bromophenol blue, the solution was allowed to stand at 37°c 
overnight under reducing conditions (5% 2-mercaptoethanol added) 
or nonreducing conditions, and subsequently, 1 ]ih was loaded for 
SDS-polyacrylamide gel electrophoresis. Electrophoresis was 
carried out using 10-15% acrylamide gradient gel (Pharmacia) and 
electrophoresis device Phast System (Pharmacia) . As a molecular 
weight marker, phosphorylase b (94 kD) , bovine serum albumin (67 
kD), ovalbumin (43 kD) , carbonic anhydrase (30 kD) , trypsin 
inhibitor (20.1 kD) and a-lactalbumin (14.4 kD) were used. After 
electrophoresis, a Phast Gel Silver Stain kit (Pharmacia) was 
used for silver staining. The results obtained are shown in 
Figure 4. 

[0024] 

. As a result, a protein band of about 60 kD under reducing or 
nonreducing condition was observed for peak 6. Furthermore, for 
peak 7, bands of about 60 kD under reducing conditions and about 
120 kD under nonreducing conditions were detected. Therefore, 
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peak 7 is considered to represent a homodimer of the protein of 
peak 6. 

[0025] 

OCIF thermal stability test 

* A sample was prepared by taking 20 \xL each from the Blue-5PW 
fractions 51 and 52 and adding 30 uL of lOmM phosphate-buffered 
physiological saline solution at pH 7.2, and a thermal treatment 
at 70 or 90°C for 10 min or 56°C for 30 min was carried out. The 
same method as that described above was used to measure OCIF 
activity for the sample after thermal treatment. Table II shows 
the results. 

[0026] 

[Table II] 

OCIF thermal stability 



l®# *&| 1/300 
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Key: 1 Dilution rate 

2 No treatment 

3 70°C for 10 min 

4 56°C for 30 min 

5 90°C for 10 min 



(In the table, ++, + and - mean same as those described in 
Table I.) 
J 

(0027] 

(5) [sic; no (l)-(4) found prior to this] Internal amino acid 
sequence determination 

For the Blue-5PW fractions 51-70, 2 fractions were combined 
to form a combined fraction, 1 mL of which was mixed with 10 pL 
of 25% TEA and applied to a reverse-phase column (BU-300, C4, 
2.1 x 220 mm, Perkin-Elmer) equilibrated with 0.1% TFA-added 25% 
acetonitrile. Thus, 1 mL each was applied 10 times for all 
samples. Elution was carried out using linear gradient to make an 
acetonitrile concentration to 55% by taking 60 min at a flow rate 
of 0.2 mL/min, and peak 6 and peak 7 were collected. For portions 
of peak 6 and peak 7 obtained, N- terminal amino acid sequence 
analysis was carried out respectively by using a protein 
sequencer (Model Procise [transliteration] 494, Perkin-Elmer), 
but the analysis was impossible, implying the possibility of the 
N-terminus being blocked for those proteins. Therefore, the 
internal amino acid sequence was analyzed for those proteins. 
Specifically, peak 6 and peak 7 were concentrated respectively by 
carrying out centrifugation and reduced by adding 50 \xL of 0.5M 
Tris-HCl at pH 8.5 containing 100 pg of dithreitol, lOmM EDTA, 
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7M guanidine hydrochloride and 1% CHAPS and allowing the mixture 
to stand at room temperature for 4 h. Subsequently, 0.2 \xh of 
4-vinylpyridine were added, and the mixture was allowed to stand 
at room temperature in the dark overnight to carry out the 
reaction to form a pyridylethyl derivative. To the sample 
prepared, 1 yL of 25% TFA was added, the mixture was applied to a 
reverse-phase column (BU-300, C4, 2,1 x 30 mm, Perkin-Elmer) 
equilibrated with 0.1% TFA-added 20% acetonitrile. Elution was 
carried out using a linear gradient to make the acetonitrile 
concentration to 50% by taking 30 min at a flow rate of 
0.3 mL/min to obtain a reduced pyridylethylated sample. The 
reduced pyridylethylated sample was concentrated by 
centrifugation, dissolved in 25 yiL of 0.1M Tris-HCl at pH 9 
containing 8M urea and 0.1% Tween 80, diluted subsequently with 
73 pL of 0.1M Tris-HCl at pH 9, and the reaction was carried out 
at 37°C for 15 h by adding 0.02 \xg of API (lysyl endoprotease, 
Wako Pure Chemical) . To the reaction mixture, 1 ]iL of 25% TFA was 
added, the mixture was applied to a reverse-phase column (RP-300, 
C8, 2.1 x 220 mm, Perkin-Elmer) equilibrated with 0.1% TFA, and 
the elution was carried out using a linear gradient to make the 
acetonitrile concentration to 50% by taking 70 min at a flow rate 
of 0.2 mL/min to obtain peptide fragments (Figure 5) . The amino 
acid sequence analysis was carried out for the peptide fragments 
obtained (P1-P3) by using the protein sequencer. The results are 
shown in the sequence table, sequence Nos. 1-3. 
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[0028] 

(6) Determination of cDNA sequence 

i) Isolation of poly (A) + RNA from IMR-90 cells 

Poly (A) + RNA of IMR-90 cells was isolated using a Fast Track 
mRNfc Isolation Kit (Invitrogen) and its manual. By using this 
method, about 10 pg of poly (A)* RNA were obtained from 1 x 10 8 
IMR-90 cells. 

[0029] 

ii) Mixed primer preparation 

\ Based on the amino acid sequences of peptides prepared 

before (Sequence Nos. 2 and 3 in the sequence table), the 
following two kinds of mixed primers were synthesized. 
Specifically, an oligonucleotide mixture having all base 
sequences capable of coding 6th (Gin) to 12th (Leu) amino acids 
of peptide P2 (mixed primer No. 2F) was synthesized. Furthermore, 
a complementary oligoncleotide mixture to all base sequences 
capable of coding the 6th (His) to 12th (Lys) amino acids of 
peptide P3 (mixed primer No. 3R) was also synthesized. The base 
sequences of the mixed primers Nos. 2F and 3R are shown as 
follows. 
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[0030] 

5' -CAiGAiCAAACTTTTCiiTT-3' 

No. 2F: 

G G G C C GC 
A 
G 



[0031] 

5' -TTTATACATTGTAAAAGAATG-3' 

No. 3R: 

C G C G GCTG 
A C 
G T 



[0032] 

iii) PCR Amplification of OCIF cDNA fragment 

As a template, 1 ug of poly (A)* RNA prepared in (6)-i) was 
used. A single-chain cDNA was prepared by using a Superscript II 
cDNA synthesis kit (Gibco BRL) and protocol of the company, and 
PCR was carried out using the synthesized cDNA and primer 
prepared in (6)-ii) to obtain an OCIF cDNA fragment. The 
following components were used. 



10X Ex Taq buffer (Takara Shuzo) 5 uL 

2.5mM dNTP . 

4 uL 

cDNA solution uL 
Ex Taq (Takara Shuzo) 0>2 5 uL 

Distilled water 29 * 75 pL 

40uM primer No. 2F 5 ljL 

40uM primer No. 3R 5 uL 

t 

The above solution was placed in a microcentrifuge tube, 
mixed, and the following procedures were used to carry out PCR. 
Specifically, after a pretreatment at 95°C for 3 min, the 
reaction in three stages, that is, 95°C for 30 sec, 50°C for 
30 sec and 70 8 C for 2 min was carried out repeatedly 30 times, 
and the reaction mixture was subsequently retained at 70°C for 
S min. A portion of the reaction mixture was applied to agarose 
gel for electrophoresis and confirmed to obtain a uniform DMA 
fragment of about 400 bp. 

[0033] 

(7) Cloning of PCR-amplified OCIF cDNA fragment and base sequence 
determination 

The DNA fragment prepared in (6)-iii) was inserted in a 
Bluescript vector (pBluescript II sk", Strategene) , and the 
transformation of E. coli DH5 a (Gibco BRL) was carried out. The 
transformed strain was cultured, and a plasmid with the OCIF cDNA 
fragment of about 400 bp inserted was purified by using 
conventional procedures. The base sequence of OCIF cDNA inserted 
in the plasmid obtained was determined by using a Taq Dye Deoxy 
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Terminator Cycle Sequencing kit, Perkin-Elmer) . An amino acid 
sequence comprising 132 amino acids predicted from the base 
sequence was found to contain the internal amino acid sequences 
of OCIF (sequence Nos. 2 and 3 in the sequence table) used to 
design the mixed primer at the N- terminus and C terminus, 
respectively. Furthermore, the internal amino acid sequence 
(sequence No, 1) of OCIF was also found in the amino acid 
sequence comprising 132 amino acids. From those results obtained, 
the cloned cDNA of about 400 bp was confirmed to be the OCIF cDNA 
fragment, 

[0034] 

(8) DNA probe preparation 

The plasmid prepared in (7) with an OCIF cDNA fragment of 
about 400 bp inserted was used as a template to carry out PCR 
under the conditions of (6)-iii) and to amplify the OCIF cDNA 
fragment. Subsequently, agarose gel electrophoresis was carried 
out to obtain an OCIF cDNA fragment of about 400 bp. The DNA 
prepared was labeled with [<x 32 P]dCTP by using a Megaprime DNA 
Labeling kit (Amersham) , and it was used as a probe for screening 
the entire OCIF cDNA. 

[0035] 

(9) cDNA library preparation 

As a template 2.5 pg of poly (A) * RNA prepared in (6)-i) were 
used. A Great Length cDNA synthesis kit (Clonetech) and its 



protocol were used to carry out cDNA synthesis using an 
oligo(dT) primer, EcoRI-Sall-NotI adapter addition and cDNA size 
fractionation, and after ethanol precipitation, the product was 
dissolved in 10 pL TE buffer solution. Subsequently, 0.1 ]ig of 
the adaptor-added cDNA prepared was inserted into 1 yg of XZAP 
express vector (Strategene) previously digested with EcoRI using 
T4 DNA ligase. The cDNA recombinant phage DMA. solution prepared 
was , used for the in vitro packaging reaction using Gigapack Gold 
II (Strategene) to obtain a A.ZAP express recombinant phage. 

[0036] 



(10) Recombinant phage screening 



E. coli, XLl-Blue MRF' (Strategene) was infected with the 
recombinant phage prepared in (9) at 37°C for 15 min, added to a 
0.7% agar-containing NZY medium heated at 50°C, and the mixture 
was poured into an NYZ agar medium plate* After overnight culture 
at 37 °C, a High Bond N [filter] (Amersham Co.) was allowed to 
come into close contact with a plate having a formed plaque for 
about 30 sec. The filter was alkali-modified using conventional 
procedures, neutralized, and after dipping in a 2X SSC solution, 
the DNA was fixed on the filter with UV Cross Link (Strategene) . 
The prepared filter was pretreated at 65°C by soaking in a 
100 pg/mL salmon sperm DNA-containing hybridization buffer 
(Amersham) for 4 h. Subsequently, it was transferred to the above 
buffer with the thermally modified above DNA probe 
(2 x 10 5 cpm/mL) added to carry out hybridization overnight at 
65°C. After the reaction, the filter was washed 2 times with 2X 
SSC and 2 times with 0.1X SSC and 0.1% SDS solution, 



32 

respectively, at 65°C for 10 min. Several positive clones 
obtained were purified by carrying out screening twice, A clone 
among them having an approximately 1.6-Jcb insert was used for the 
following procedures. E. coli XLl-Blue MRF' was infected with the 
purified phage by using a XZAP express cloning kit (Strategene) 
and its protocol, subsequently, multiple infection was carried 
out with a helper phage ExAssist (Strategene) ; E. coli XLOLR 
(Strategene) was infected with the culture supernatant, and 
subsequently, a kanamycin-resistant strain was collected to 
obtain a transformed strain having a plasmid with the above 
insert of approximately 1.6 kb inserted in pBKCMV (Strategene). 
This transformant was deposited as FERM P-14998 at the Life 
Science Technology Research Institute, Bureau of Industrial 
Technology, Ministry of International Trade and Industry. The 
transformant having the plasmid was cultured to isolate and 
purify the plasmid using conventional procedures. 

[0037] 

(11) Determination of the base sequence of cDNA coding for the 
total amino acid sequence of OCIF 

The base sequence of OCIF cDNA prepared in (10) was 
determined by using a Taq Dye Deoxy Terminator Cycle Sequencing 
kit (Perkin-Elmer) . The primers used were T3, T7 primer 
(Strategene) and synthetic primers designed based on the base 
sequence of OCIF cDNA are as follows. 



T3; 5* -AATTAACCCTCACTAAiGGG-3' 
T7; 5* -CTAATACGACTCACTATAGGGC-3' 
IFl; 5' -ACATCAAAACAAAGACCAAG-3* 
IF2; 5' -TCTTGGTCTTTGTTTTGATG-3* 
IF3; 5* -TTATTCGCCACAAACTGAGC-3' 
IF4; 5' -TTGTGAAGCTGTGAAGGAAC-3' 
IF5; 5' -GCTCAGTTTGTGGCGAATAA-3* 
IF6; 5' -GTGGGAGCAGAAGACATTGA-3' 
IF7; 5' -AATGAACAACTTGCTGTGCT-3' 
IF8; 5* -TGACAAATGTCCTCCTGGTA-3' 
IF9; 5' -AGGTAGGTACCAGGAGGACA-3* 
,IF10; 5' ^AGCTGCCCTCCTGGATTTG-3* 
IFll: 5 , ^m(^ATTTCGCTCT(lG-3 , 
IF12: 5' -GTGTGAGGAGGCATTCTTCA-3* 



The OCIF base sequence determined is shown as sequence No. 
5, and the amino acid sequence estimated from it is shown as 
sequence No. 4. 
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[0038] 

(12) Preparation of OCIF cDNAn expression plasmid 

The plasmid prepared in (10) having OCIF cDNA of 
approximately 1.6 kb inserted was digested with restriction 
enzymes BamHI and Xhol to cut out OCIF cDNA which was isolated by 
agarose gel electrophoresis and purified by using a QIAEX DNA 
isolation kit. The OCIF cDNA was inserted in an expression 
plasmid pCEP4 (Invitrogen) digested, in advance, with restriction 
enzymes BamHI and Xhol using a ligation kit (Takara Shuzo) to 
carry out transformation of E. coli DH5 a (Gibco BRL) . The 
transformed strain obtained was cultured, and an expression 
plasmid with OCIF cDNA inserted was purified by using a Quiagen 
column (Quiagen) . The OCIF expression plasmid was allowed to 
\ precipitate using ethanol dissolved in sterile distilled water to 

be used in the following procedures. 

[0039] 

(13) OCIF cDNA transient expression and its activity measurement 

The OCIF expression plasmid prepared in (12) was used for 
expression of recombinant OCIF using the following method, and 
the activity was measured. In each well of a 6-well plate, 
8 x 10 s 293/EBNA cells (Invitrogen) were inoculated using a 10% 
fetal bovine serum (Gibco BRL) -containing IMEM medium (Gibco 
BRL) . The next day, the medium was removed, and the cells were 
washed with a no serum- added IMEM medium. A trans feet ion reagent, 
Lipofectamine (Gibco BRL) and attached protocol were used. The 



35 



OCIF expression plasmid diluted, in advance, using an OPTI-MEM 
medium (Gibco BRL) and lipof ectamine were mixed, and 
subsequently, the mixture was added to cells in each well. The 
amount of the expression plasmid and lipofectamine used were 3 yg 
and 12 ]ih, respectively. After 38 h, the medium was removed, and 
1 mL of fresh OPTI-MEM medium was added. After 30 h, the medium 
was recovered, and it was used as an OCIF activity measurement 
sample. The OCIF activity measurement was carried out as follows. 
The osteoclast formation in a 17-day-old mouse bone marrow cells 
in the presence of active vitamin D 3 was tested using induction 
of tartaric acid-resistant acid phosphatase activity, and the 
inhibition activity was measured as an OCIF activity. 
Specifically, 100 pL of a sample diluted with an a-MEM medium 
(Gibco BRL) containing 2 X 10"^ active vitamin D 3 and 10% fetal 
bovine serum were placed in a 96-well microplate, 3 x 10 5 
\ 17-day-old mouse bone marrow cells suspended in 100 pL of the 

a-MEM medium with 10% of fetal bovine serum added were 
inoculated and cultured at 37°C and 100% humidity with 5% C0 2 for 
one week. On the 3rd day and 5th day of culture, 160 yiL of the 
culture solution were discarded, and 160 yiL of a sample diluted 
with the a-MEM medium containing 1 x 10"^ active vitamin D 3 and 
10% fetal bovine serum were added. After the 7th day of culture, 
the cells were washed with a phosphate-buffered physiological 
saline solution, fixed with ethanol/acetone (1:1) at room 
temperature for 1 min and the osteoclast cell formation was 
detected by staining using a tartaric acid-resistant acid 
phosphatase activity measurement kit (acid phosphatase, 
leukocyte, catalog No. 387-A, Sigma) . The reduction in the acid 
phosphatase activity-positive cells in the presence of tartaric 
acid was considered to be the OCIF activity. As apparent from the 



results shown in Table III, it was confirmed to have the same 
activity as that of natural OCIF prepared from an IMR-90 culture 
solution, 

[0040] 

[Table III] 

OCIF activity in culture solution of 293/EBNA cells 
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Key: 1 Rate of dilution 

2 Gene introduced 

3 Vector introduced 

4 No treatment 



(In the table, ++ shows an activity of 80% or more 
inhibition of osteoclast generation, + shows an activity of 
30-80% inhibition of osteoclast generation, and - shows no 
activity detected.) 
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[0041] 

Effects of the invention 

This invention provides a novel protein having an osteoclast 
cell formation inhibition activity and efficient process for the 
production of it. The protein of this invention shows an 
osteoclast inhibitory activity, and it is useful as a drug for 
treating bone loss diseases such as osteoporosis, etc., or 
antigen for immunological diagnoses of these diseases. 

[0042] 

Sequence table 

Sequence No. : 1 
Sequence length: 6 
Sequence type: amino acid 
No, of chains: 1 
Topology: linear chain 

Kind of sequence: peptide (internal amino acids of protein) 
Sequence: 

Xaa Tyr His Phe Pro Lys 

1 5 

[0043] 



Sequence No. : 2 
Sequence length: 14 
Sequence type: amino acid 
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No. of chains: 1 
Topology: linear chain 

Kind of sequence: peptide (internal amino acids of protein) 
Sequence : 

Xaa Gin His Ser Xaa Gin Gin Gin Thr Phe Gin Leu Xaa Lys 

1 5 io 

[00^4] 

Sequence No. : 3 
Sequence length: 12 
Sequence type: amino acid 
No. of chains: 1 
Topology: linear chain 

Kind of sequence: peptide (internal amino acids of protein) 
Sequence: 

Xaa He Arg Phe Leu His Ser Phe Thr Met Tyr Lys 

1.5 10 

[0045] 

Sequence No. : 4 
Sequence length: 401 
Sequence type: amino acid 
No. of chains: 1 
Topology: linear chain 
Kind of sequence: protein 
Sequence : 



Met isn Asn Leu Leo Cys Cys Ala Leu Val Phe Leu Asp He Ser 

15 10 15 

He Lys Trp Thr Thr Gin GIu Thr Phe Pro Pro Lys Tyr Leu His 

20 25 30 

Tyr Asp GIu Glu Thr Ser His Gin Leu Leu Cys Asp Lys Cys Pro 

35 4 0 45 

Pro Gly Thr Tyr Leu Lys Gin His Cys Thr Ala Lys Trp Lys Thr 

50 55 60 

Val Cys Ala Pro Cys Pro Asp His Tyr Tyr Thr Asp Ser Tr P His 

65 70 75 

Thr Ser Asp GIu Cys Leu Tyr Cys Ser Pro Val Cys Lys GIu Leu 

80 85 90 

Gin Tyr Val Lys Gin Glu Cys Asn Arg Thr His Asn Arg Val Cys 

95 100 105 

da Cys Lys Glu Gly Arg Tyr Leu Glu He Glu Phe Cys Leu Lys 

110 H5 120 

His Arg Ser Cys Pro Pro Gly Phe Gly Val Val Gin Ala Gly Thr 

125 iso 135 

Pro GIu Arg Asn Thr Val Cys Lys Arg Cys Pro Asp Gly Phe Phe 



• 140 145 150 

Ser Asn Gla Thr Ser Ser Lys Ala Pro Cys Arg Lys His Thr Asn 
155 160 165 

Cys Ser Val Phe Gly Lea Leo Leu Thr Gin Lys Gly Asn. Ala Thr 
170 175 i80 

His Asp Asn lie Cys Ser Gly Asn Ser Glu Ser Thr Gin Lys Cys 
185 190 195 

Gly He Asp Val Thr Lea Cys Gla Glu Ala Phe Phe Arg Phe Ala 
200 205 210 

Val Pro Thr Lys Phe Thr Pro Asn Trp Leu Ser Val Leu Val Asp 
215 220 225 

Asn Leu Pro Gly Thr Lys Val Asn Ala Glu Ser Val Glu Arg lie 
230 235 240 

Lys Arg Gin His Ser Ser Gin Glu Gin Thr Phe Gin Leu Leu Lys 
245 250 255 

Leu Tup Lys Bis Gin Asn Lys Asp Gin Asp He Val Lys Lys He 
260 265 270 

He Gin Asp He Asp Leu Cys Glu Asn Ser Val Gin Arg His He 
275 280 285 

Gly His Ala Asn Leu Thr Phe Glu Gin Leu Arg Ser Leu Met Gin 
290 295 300 

Ser Leu Pro Gly Lys Lys Val Gly Ala Glu Asp He Glu Lys Thr 
305 310 315 

lie Lys Ala Cys Lys Pro Ser Asp Gin lie Leu Lys Leo Leu Ser 
320 325 330 

Leu Trp Arg He Lys Asn Gly Asp Gin Asp Thr Leu Lys Gly Leu 
335 340 345 

Met His Ala Leu Lys His Ser Lys Thr Tyr His Phe Pro Lys Thr 
350 355 360 



Val Thr Gin Ser Lea Lys Lys Thr He Arg Phe Lea His Ser Phe 

365 370 375 

Thr M t Tyr Lys Lea Tyr Gin Lys Lea Phe Leu Glu Ket He G Iy 



«» 385 



Asn Gin Val Gin Ser Val Lys He Ser Cys Leu 



390 



395 400 



[0046] 



Sequence No. : 5 
Sequence length: 1206 
Sequence type: nucleic acid 
No. of chains: 1 
Topology: linear chain 
Kind of sequence: cDNA 
Sequence : 

ATGAACAACT TGCTGTGCTG CGCGCTCGTG TTTCTGGACA TCTCCATTAA GTGGACCAGC 60 
CAGGAAACGT TTCCTCCAAA GTACCTTCAT TATGACGAAG AAACCTCTCA TCAGCTGTTG 120 
TGTGACAAAT GTCCTCCTGG TACCTACCTA AAACAACACT GTACAGCAAA GTGGAAGACC 180 
GTGTGCGCCC CTTGCCCTGA CCACTACTAC ACAGACAGCT GGCACACCAG TGACGAGTGT 240 
CTATACTGCA OXCCGTGTG CAAGGAGCTG CAGTACCTCA AGCAGGAGTG CAATCGCACC 300 
CACAACCGCG TGTGCGAATG CAAGGAAGGG CGCTACCTTG AGATAGAGTT CTGCTTGAAA 360 
CATAGGAGCT GCCCTCCTGG ATTTGGAGTG GTGCAAGCTG GAACCCCAGA GCGAAATACA 420 
GTTTGCAAAA GATGTCCAGA TGGGTTCTTC TCAAATGAGA CGTCATCTAA AGCACCCTGT 480 
AGAAAACACA CAAATTGCAG TGTCTTTGGT CTCCTGCTAA CTCAGAAAGG AAATGCAACA 540 
CACGACAACA TATGTTCCGG AAACAGTGAA TCAACTCAAA AATGTGGAAT AGATGTTACC 600 
CTGTGTGAGG AGGCATTCTT CAGGTTTGCT GTTCCTACAA AGTTTACGCC TAACTGGCTT 660 
AGTGTCTTGG TAGACAATTT GCCTGGCACC AAAGTAAACG CAGAGAGTGT AGAGAGGATA 720 
AAACGGCAAC ACAGCTCACA AGAACAGACT TTCCAGCTGC TGAAGTTATG GAAACATCAA 780 
AACAAAGACC AAGATATAGT CAAGAAGATC ATCCAAGATA TTGACCTCTG TGAAAACAGC 840 



GTGCAGCGGC ACATTGGACA TGCTAACCTC 
AGCTTACCGG GAAAGAAAGT GGGAGCAGAA 
tCCCACTGACC AGATCCTGAA GCTGCTCAGT 
ACCTTGAAGG GCCTAATGCA CGCACTAAAG 
GTCACTCAGA GTCTAAAGAA GACCATCAGG 
TATCAGAAGT TATTTTTAGA AATGATAGGT 
TTATAA 



ACCTTCGAGC AGCTTCGTAG CTTGATGGAA 900 
GACATTGAAA AAACAATAAA GGCATGCAAA 960 
TTGTGGCGAA TAAAAAATGG CGACCAAGAG 1020 
CACTCAAAGA CGTACCACTT TCCCAAAACT 1080 
TTCCTTCACA GCTTCACAAT GTACAAATTG 1140 
AACCAGGTCC AATCAGTAAA AATAAGCTGC 1200 

1206 



Brief description of the figures 

Figure 1 shows an elution profile in the case of a 
HiLoad-Q/FF nonadsorption fraction crude purification product 
(Sample 3) applied to a HiLoad-S/HP column. 

Figure 2 shows an elution profile in the case of a . 
heparin-5PW fraction crude purification product (Sample 5) 
applied to a Blue-5PW column. 

Figure 3 shows an elution profile in the case of Blue-5PW 
elution fractions 49-50 applied to a reverse-phase column. 
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Figure 4 shows the results of SDS-PAGE carried out under 
reducing or nonreducing conditions for the final purification 
product . 

Explanation of symbols 



Lane 1, 4: molecular weight markers 
2 Lane 2, 5: peak 6 
Lane 3, 6: peak 7 

Figure 5 shows an elution profile in the case of reduced 
pyridylethylated and subsequent lysyl endoprotease-treated peak 7 
applied to a reverse-phase column. 
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Figure 3 

Key: 1 Protein concentration 
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3 Retention time (min) 
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Figure 5 
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Document name: Summary 

Abstract 

Constitution 

Protein having the following physicochemical properties and 
activity inhibiting differentiation and/or maturation of 
osteoclasts: 

(a) Molecular weight {by SDS-PAGE) : about 60 kD (under 
reducing conditions) or about 60 kD and about 120 kD (under 
nonreducing conditions) ; 

(b) Affinity: showing affinity to cation exchanger, Cibacron 
Blue gel and heparin; 

(c) Thermal stability: the osteoclast 
differentiation/maturation inhibition activity is reduced by a 
thermal treatment at 70°C for 10 min or 56°C for 30 min, and the 
osteoclast differentiation/maturation inhibition activity is lost 
by a thermal treatment at 90° for 10 min, 

(d) Amino acid sequence: as an internal amino acid sequence, 
it has the amino acid sequence of sequence Nos. 1-3 in the 
sequence table. 

Process for the production of an osteoclast inhibitory 
protein, characterized by carrying out cell culture of human 
fibroblasts and purifying the culture solution by using 
ion-exchange, affinity and reverse-phase columns to carry out 
adsorption and elution repeatedly. This protein can also be 
produced by genetic engineering means. 



Effects 
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[ £«] -mm 

1 (a) $HF* (SDS-PAGEICfc*) ;»60kD (*7t*#T) > »60 
k D&V#l 1 2 0 k D (*3t7C*ff T) 

(b) HfDtt ; »>f *>2«MMfctf'vrCy >tC«*Dtt&*t*. 

(c) 7 ox:. i o^ra*fett5 6t:, 3 o&m<Dmm#kmK.*>)m 

«*Mww»tt#fiTu 9 or, i o^w©au»Mtc 

DNA. 

1 ffl!E4f ¥ 0 8- 3 0 2 7 2 4 6 
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(a) (SDS-PAGEKJ:*) ;»60kD (JfTcfcfrT) , H»6 0 

k D&Xtm 1 2 0 k D (*it7C*#T) 

(c) I^Jltt; 7 0T3, 1 04>B8*fett5 6t;, 3 0 JMMttJUc j; »;$ 

(d) rt«r§y»i^li:L/TKJ!I* fi^fl~3<07^; 

[»«<&#»*»«] 

[0 0 0 1] 
[g*±<&5«M#lH 

* P^fciNBJfiTgfiWlJISIB^ (Osteoclast Inhibitory Factor; OCI F) RTf 
[0002] 

ffia&fflgtf^ftS. ^0>MU:#3 : iMBK:j:«#M«:tt#m(CJ:&#ftJR 

€A<B98£<Z>IKBfc fcs £®&Atttt£IM£« & o T »J , *0>*&**<BIW$8 
# fc» oT ft . Z<D*1 &#ftttf Attic a ft tt#fttt®*|i«f . 

2 ffil^O 8-3027246 
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o 

[0 0 0 3] 

itmmt. zn&vam. aft, m&ftim&+&zt.* *v> 

&m&®mfa aft, ft&it&wm+zz.i:tz*y&&+zz 

h*>f >*:LT, IMt^affiitaB^TSy- (fibroblast 
growth factor ; FGF : Rodan S.B. et al., Endocrinology vol. 121, pl917, 
1987) , >f>2/aU>«ifJgH^— Kinsnlin like growth factor-I ;IGF- 

I : Hock J. M. et al., Endocrinology vol. 122, p254, 1988) , -f 
S'tMHiH-y-II (IGF-II: McCarthy T. et al., Endocrinology vol.124, 

P301, 1989), TtmyA (Activin A ; Centrella M. et al., Hoi. Cell. 
Biol. vol. 11, P 250, 1991 ) , l>5:/*7*-3 ^yjfBH*- 0 (transfor 
■ing growth factor- $ ; Noda H., The Bone, vol. 2, p29, 1988), 
□ hn^y (Vascolotropin ;Varonique M. et al., Biochea. Biophys. Res. C 
oaann. vol. 199, p380, 1994 ) , &tfHjfr#7£J*B-?'7T S U -(bone norph 
genie protein ; BMP : BHP-2 ; Yaaagochi, A et al., J. Cell Biol. vol. 

113, p682, 1991, 0P-1 ; Saapath T. K. et al., J. Biol. Chen. vol. 267, 
P20532, 1992, Snatsen R. et al., Biochea. Biophys. Res. Coamn. vol.194, 

P1352, 1993) mwj h*>f>ff##S;tVO^. 
[0004] 

h*>f>i:LTtt, yfimfc*- 0 (transforaing growth 

factor- $ ', Chenn C. et al., Proc. Natl. Acad. Sci. USA, vol.85, p5683 
, 1988) ^>r>*-n>f:*>-4 ( inter leukin-4 ; Kasano K. et al., Bone- 
Miner., vol. 21, pl79, 1993 ) 3*1X^6. X, J:**® 
hiJj >£LTtt, i3/ui/ h — > (calcitonin : Bne-Miner., 

v 1.17, p347, 1992 ) , "=7? n 7 7-^*3n--|IiH-f ( aacrophage colon 
y-stiaulating factor; Hattersley G. et al. J. Cell. Physiol, vol.137, pl9 

3 fflSE4$¥0 8-3027246 



7—207508 



9, 1988), >f>*-EM*>- 4 (Watanabe, K. et al., Bioche.. Biophys. Res 
.Co.wn.vol. 172, P1035, 1990), RVjy*-7*uy - r (interfer n- r ; 
Gonen M. et al., J. Bone Miner. Res., vol. l, p469, 1986) *ff*££ftT 

[0 0 0 5] 

s y-©iM b*>(>*. ±mn*>r h*>(y<D-Biz^xiit+Km*mm£ 
^xm^um^mm^inx^. x % *ji*/h-y^ *mm&<»mmm. *m 
mmmt LxmKwmt<tix^&. 

[0006] 

mtE. *Kwt>s&B<D&mikTftemmiei<i)mmz&&&m&tiLx. 
^ymm. *7*V7?#yx&*»*,v2>&m*#&M2tox^&. 

*»t*ttta**ft 3 i: *M£ f 

[000 7] 

IMR-9 0 (ATCC4aFft-g|£##CCL18 6) <Z>ttM(C*#«ft*/ft 

4 ffl!E#¥ 0 8 - 3 0 2 1 
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fC J: o TltrlBS QUO C I F < #8 fcflltf L fe. 

[0 0 0 8] 

^h^«tntH^inftK:«3KU *7n*#TSDS-PAGEICfc 
60kD, #*5t£#T S D S - P A G E lCfctt£#^*tf *jj 6 
OkD&tfm 2 0kDTft»J, »>f#>£i*fM^^Ay>*9AK:|i;fdttfc 
tU 7 0T), 10^|BXIj:5 6r, 3o&n<Diamx!imKj:>m#mm<D&<t 

• ftmZWM* SfStttffiTU 9 0*C 1 0^W©DDJH«l3tK:j:»;«#IBiiacD^ 

OCI FCSat^SttCH-r*. *»t*!tCfcttS*5A*l3ltt, /\ 
U > -fe 7 T n - ^ * 9 A«f C«5T S * © «A> »J T» tt* < , /t.yfjST?«f 

5 £fJIE#¥ 08-3027246 
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[0 0 0 9] 

*»«fi*OCI Fit, k K«l»«<DWI«*&JMiA<SolWt*-c 
IMR-9 0 (ATC.C-CCL1 8 6) ftM*t*£fc#a*u*. *LT«|* 

**** h»*uniiiMMiMR-9 oe*** . fe vm%mwmm*iu 

mm&mtLTO. 1%CHAPS (3-[(3-chola.idopro P yl)-di.ethyla M onio 
]-l-propaiiesolfonate) tUlltMfcfl^jWKLK 
[0 0 10] 

n-XCL-BB, 77*7^7*) C^tt. 2M NiCltWlOmM 
Tris-HCl«*«, pH7. 5 /\yty >fffi©oc I Fg 

-©W#*Q-«^*>£&*:7A (HiLoad-Q/FF, 

ttCOCIFI^LTfffiSfctfTt*. ff^feOCIFffiftldltS-R 

f*>£SI*:7i> (Hi Lo a.d-S/HP, 77*7S/7tt) , ^/ty>*9 
A(vty>- 5 pw, N-V-tt), ^^n>^7A (7-.^--5P 
W, h-V-ft) , (BU-3 0 0C4, /t-*>x*-7-tt) fc^ 

rt«3 2llCJ: - m^«32:«CT?e. 3 ©4**«t&& L fc««lC J:oT# 

6 mSE^¥0 8-3 0 2 7 
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[0 0 11] 

U<ttRT-PCRac) £frjfflLTOCIFcDNAWrtffcfc#-r*. £©0C 
I F c DNAWT^r&^n-yfcLT, cDNA5-f^'J-J:»J0C I F<B±J* 
c DN A fc&ftfeOC I FcDNAfcaa^^-KaiA 
LTOC I F*MI:79*$ Kftf**U ^n«r#«<Z)IBillXtiS*JC*ALT» 

«**;i.fcicj:y, iBSttSoc i Ffc»3g**;n*:tf-e£$. 

[0 0 12] 

oc i F«ttBu *#;hiesf (salt ♦ • »&, voi.34, P 999 

(1989)) fttfTakahashi N. et al. <7)1j& (Endocrinology, Vol.122, P1373 (1 

988)) jcav^^Lfe, m^, £*m i B<Dwx*mmmz9mmmtLx 

m\ iSttStfJU^fCalcitriol) #«TT0«#iWlfi©^»«I«:, « 
KifttUtt*:* 77* —g»tt(D»^a)«i1WT*KI|-r S r i: ic «fc »J mfe L fe. 
[0 0 13] 

7 ffllBE#¥ 0 8-3 0 2 
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*8 tc«k o t t + * £ t # t t * . 

[0 0 14] 

^TtCHM««:#W r T*»WS:$e)»C»U<»W"r*. L# Lift 
E h Kit tt I M R - 9 0 tt«tt<PWg 

t hl&iSl»llilt^lHJfiIMR-9 0 (ATCC-CCL186) tt, n-v- 
3j< h/I/ (4 9 0 cm 2 , 110X17 1mm, n-=.y>f1±) tpT>8 0 g<DTfr 

fc. *#£tt6 0«<&n-^--5tfh;i/fcftJ8U n-5-)K i«3fc »J 5 % 
^JfilSf&StfQLfcS 0 0 ml ©1 OmM H E P E S«««»ftDMEM#ifi 
(^3 BR Ltt) fc«V\ 3 7t;, 5%CO z #ttT7?7-l 0Bra#«*« 
Lfc. 5: laHKL, »rfefc*ifi&*flirf iltc J: »J 1 3 

0 1©IMR-90*t*l:#fc. #e>ttfc**X&«*Ui:Lfc. 
[0015] 

5t • • 9IK Vol.34 P999 U989)) fctfTakahashi N. et.al©;£?S(Endocrih 
logy vol.122 P1373 (1988))lCfl6v^ Lfc. W*> % 1 7 H©T^X<fc»J 

IfftlHi** 7 r * — t?*Stt®ft*£ftf( £ LT»* U * <Z>flHWiStt*:«£-r 
SdfclCfcoTfrofe. IP"^ 9 6?:c;i/-7>f *n?i/-Mc2x l 0~ 8 Mig£ 
S^df^>D 3 &tfl 0%4^I&M$i£"£t?a-MEM«Fift B R Ltt) 

8 ffil£4$¥ 08-3027246 
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T*#fltfe^>y;i/1 0 0*1 &A*l, £«*&1 7B©v?Xj&*e>»£#ttttliB 
3X10 5 lil00ml(O10 %^S&^Jfll»S:^tJ a -MEM*«tClH*S^ 
TI1U 5%C0 2 , 3 7t, 0 0%JCT-«ISg«*Lfe, *it3BB 

i :i) *«tm»*smk:ti£I8ih£u m*mmm&$:mzmm&m&* 

^77 #—&1S&M&*r V h (Acid Phosphatase, Leucocyte , i]&U o 3 

* — £JStt»tt*inft<D*4>3:OC I FfSttfcLfc. 
[0 0 16] 
PC I FCDWM 

i) ^U:/ • -&77n-*CL-6BICJ:**||i 

i»9 0 1OIMR-9 0*«* (8*U) &, 0. 2 2*mOD7«<;t/*- (£ 
*tt* Ut^**, 2, 000 cm 2 , SytfTtt) TiliiLfefc, 3®K#tt 
TO. 3M NaCl fc£t? 10 mM Tris-HCl ttfftt (J6<T, T r i 
s-HCli:v^), pH7. 5T*¥ffrftS'&fc8 Oii©MU> • t7?n- 
^CL-6B (5X4. 1cm) KjMrfc. tft*5 0 0«l/h r KIT, lOmM 
Tris-HCl, pH7. 5 Tifci*L.£fft, 2M N a C 1 S:*tfl 0 mM 
Tris-HCl, pH7. 5 T*ffl£*T W U > • -fe 7 r n -*C L - 

6B«m9 0 0il?:#, #e>4xfca#*tt»2fcLfc. 
[0 0 17] 

ii) HiLoad-Q/FFtCJ:Slt» 

'N/tU y - H?TU-xmimft (S*f*2) UOmM T r i s -HC 1, 
pH7. 5tC^L/Ta«ftfeft, 0. l%(C4*J:^tCCHAPS*jD>t4iCT 
-mfilULfc%<DZs 2ElC#ttT0. 1% CHAPS&£tf 5 OfflM Tr 
is-HCl, pH7. 5T¥«ftLfcl£>f#>£Slrt9A (Hi Load-Q 
/FF, 2. 6X1 Ocm, 7 7^7i/7tt) KUW?, 1 0 0 0«1& 

»e>ftfca#&»«3fcLfc. 

9 ffl&#¥ 0 8 - 3 0 2 



ft¥ 7-207508 



[0 0 18] 

iii) HiLoad-S/HPtCiSflHR 

HiLoad-Q^Rfl^ («fi3) I, 0. 1 %C H A P S tiiZtl 5 0m 
M Tris-HCl, pH7. 5 WWit LfcBM' (H i L o 

ad-S/HP, 2. 6X10cm, 77^7^Ttt) ICfrttfc. 0. 1%CH 
A*PS&£tf50mM Tris-HCl, pH7. 5T?fc»>Lfc«, 100^ 
la-CNaC 1 &lMtC"**iffl|4g«, fc* 8«l/;£lCT*»fcfTV\ l2il/7 
7^^3>tCT^H*ffofe. 79*2/3 >1~4 0*1 0 79*^s2/"5o4 
o ©Sulcata, "£*l-?*ll 0 0/tt 1 SS^TOCI F«tt%»3£Lfe. OC 

i F?gttii79*t/s>i 1-3 otc»»e>nfe (hi h*, ++tt*#iWiia 

7gj*#8 0%#±»1W£ft*JSttfc, + tt«#»JS0B«#3 0~8 0%J£U:aH» 

v>"79*2/3>2 1~3 0&8IM ilLfc. 
[0 0 19] 

iv) (^t'J>-5PW) (Cfc&ftfi 

12 0iI©«»4S2 4 0ilO0. l%CHAPS£-£tf5 OmM Tris 
-HC1, pH7. 5T?*flLfeft, 0. 1 %C H A P S Z1*tt 5 0 mM Tr 
is-HCl, pH7. 5V¥-mftLfc77J -iJ^U MU>-5P 
W, 0. 8X7. 5 cm, h-V-tt) tCfrttfc. 0. 1 %C H A P S Sr^tf 5 
OmM Tris-HCl, pH7. 5T?^Lfe«, 60^HT?NaCU2 
MJC-r*aj«^Iffi, ftJtO. 5«l/^JCT*ffiS:^V\ 0. 5il/77^J/H> 
tCT^fc&frofc. #77^i/a>5 0 a 1 fcM^TOC I F*Sft£88£L, #J 
0. 7-1. 3M NaClT8ffl3ft*0CI F«ttB7>l Oil&fc, »**5 

[00 20] 

v) 77-flf-f-*7A (7> 5PW) IC«J:5»» 

1 0«1©K»5 * 1 9 OalCDO. 1 %C H A P S ££t? 5 0 mM Tris- 
HCl, pH7. 5-e#f?Lfcft, 0. 1 %CHAPS&"£t? 5 OmM Tri 
s-HCl, pH7. 5 7?¥tftbfe77^-f/-*7A (7> 5PW, 

1 0 ffiSE#¥ 08-3027246 
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0. 5X5. Ocm, h-V-tt) £*>ttfc„ 0. 1 %C H A P S OSti 5.0 m 
M Tris-HCl, pH7. 5Ti!fe#Lfeft, 6 O^fflTN a C 1 * 2MK 
-f5iftl*4giL *ai0. 5«l/#K:T*fflfc*TV\ 0. 5«l/7^^t/3^tCT 
#3t&fTo/c. *7^^S/3>2 5 n 1 &JBHTOC I F?Stt&*£U m 1 . 
0-1. 6M NaClT?8!iJS*l5OCIFStt77^a>4 9-7 0*# 
(H2 OCI F*Sttfc;rr$£i:£ % ++fct#JCOC I Ffgft 

[0 0 2 1] 
vi) £tt*?AICl:*ftS 

#*>*lfe75*$/3>4 9~5 0 lallC. 1 0 it 1 © 2 5 %T F A ( F'J 

%anjtfeft, o. i%TFAm2 5%7*h-Mj;i/T?Wfl:i/ 

fea»«*5A (BU-3 0 0, C4, 2. 1 X 2 2 0 mm, rt-*ry3LJV?-ft 
) JCjWt\ 6 0^WT?r-feh-hU^«:5 5%K:t*ttli^K> 83*0. 2«1/ 
$HCT»ffifcfrV\ #fcr-*fc£«lLfe (H3) . #^-^75^S/a>01 0 
0 it 1 &«V*T OC I Ffctt&«£U 6£tf 7 

ttfctftffiLfc. fc***llC*f. 
[0 0 22] 

mi: 



1 

1 #** 

1 


1 I 
1 1/4 0 | 


1/12 0 | 


I i 
1/3 60 | 1/1080 | 


1 fcT-*6 


H 1 

1 + + 1 


+ + 1 


1 1 

+ 1 - 1 


1 £-*7 

i 


1 + + 1 


+ I 


1 1 



0~8 0%flMWaftsSH4£, -&&&fffcffl3ftfcv^i: ] 
[0 0 2 3] 
OCT FOfr^Mtfe 

1 1 ffilE#¥ 0 8-3 0 2 
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OC I FfSttCDS&fcftfcfc:-* 6 &tffcT-* 7#4 0 * 1 *%\,\ 

6 hT- * 7 5 * 2/ a > 2 0 u 1 tJ o £ 2 a. - L *EE»« L 
ImM EDTA, 2. 5% SDS, fttfO. 0 1%^q^7i;-A^- 
&-£tfl0mM Tris-HCl, pH8 1. 5 tt 1 T?»#U 
#a7t*#T&tf3f7t&#T (5% 2-*;i/#:7>x* 7-/l,#fcT) 73 7 

-en-en© 1 * i SrSDs-^ur^u^r^ k^/mmumi 

JCA^tfe. «»»»ttl 0-1 5%7{"J^ KCD^52;x>h^/|/ (77 
;i/^>7tt) &tt«U maUMBMPhast Syste. (77^7»/7tt) £«V>T 
ffofe. £**"7-*-fcLT. *^*U»— t?b (9 4kD) , Vi/ikm?* 
Zf$ y (6 7 kD) , *X7Jl7$ > (4 3kD) , **#=??r:/fc K*- 
1?(3 0kD), hV-fisy* y\l\£*- (2 0. lkD), a-<79h7fr-7 
(14. 4 kD) £J§V>fe. ttft*IMt7fe Phast Gel Silver Stain Kit 
(7 7^7^rtfc) S«V>T*ICftfcfTofe. fS*%H4tC^t. 
[0024] 

WftfflSnfc. X, fcT-* 7lCOV*Ttt, »7C*#TT»i»6 0 kD, 
*a7C*ftT-C*5l2 0kD©«eft(D;t>K*<ttffi3tlfe. (Sot, tf-*7 

[0 0 2 5] 
OCIF(P»gcfetttMft 

7*^-5PW77^^3>5 1-5 2&«-£Lfc-fr>:7>fre>2O0 1 O & 
Jfc»J. lOmM U >Bifi««£3I:ft£2K, pH7. 2 3 0 n 1 SrjD^fcft. 

7 0lCX^9 0r{CTl 0^W. Xtt5 6lCtCT3 0 7>|BI»»aS:ffofe. 3© 
•*>:7*;i/£J8H, fir&Lfc;£Sacfc^OC I F?Sttfc«j£Lfc. *g*&*2lC^ 

■ 

[0 0 2 6] 
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7 — 2 0 7 5 0 8 
OCIFC^tt 



1 1 

l t 1 ii 


1/3 0 0 


l l 
1/900 11/2 700 | 


1 — : H 


+ + 1 


+ 1 - 1 


1 7 ot: l o# 1 


+ | 




I 5 6"C3 0& | 


+ | 




I 9 OTC 1 0£ | 


l 


1 — i 



[0 0 2 7] 

(5) fiBT $smwM0&&. 

Zffr 5 PW75^i/3>5 1 ~7 OICo^T, 2 7^?*/ a 

LTlolfcU 1 0 p 102 5 %T FA lalfo 

1 OlSKfctfTO. l%TFA&£tf2 5%T-feh-hU^-e^«fl;Lfea8ffl* 
(BU-3 00, C4, 2. 1 X2 2 0 mm, >rt-4f >x/t/V-tfc) tC*>tt 
, 6 0^|S8^T-feh-hU^S:5 5%tC"T5ttli^S, «»0. 2ml/#tCT 

*ffi*ffv\ tf-^6tkr-^7«:ii«)fe 0 #e>nfct:-*6i:fcr-*7©-a$ 

•?n*3'MMIL&ft. ^ft-fftKl 0 0<tgyft^l/>f 10mM 
EDTA, lM&m>f7-Vy. fttfl%CHAPS£^tJ0. 5M Tris 
-MCI, pH8. 5 5 0 a 1 £iD;tT£fflT*4l$W;tt*L»7BL£*, 0. 
2ytt l©4-lf-/llfy 5;>fclD;L ^mmv-m&UL^V Vtox.*JML 
fe. Ztl -7 JlKL 1 n 102 5%TF A£J&;t, 0. l%TFAWtf2 

0%T-feh-hU^"r¥*ftLfeifi«*9i* (BU-3 00, C4, 2. 1X3 

1 3 ffi!E4#¥ 08-3027246 
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0 mm, rt-f-y^JW-tt) ICtftt, 3 OftWeyb h- h V 5 0 % 

£1-6BI|45S!, fc»0. 3ml/#T»ffl£fTV\ »tcI£ U s;/bx*/Hfc*> 

JUfc&tfO. 1% Tween80^C0. 1M Tris-HCl, pH9 
2 5 a 73/tlOO. 1M Tris-HCl, p H 9 "?# 

*U 0. O2M0AP1 (>JJ/M>K^nf7-f, frftttStt) 
, 3 7T2T1 5^WSl5S-ftfe. &.&mK.l ft 102 5%TFAfclff;t, 0. 1 
%TFAT?JJ^Lfcifi«*7* (RP-300, C8, 2. 1 X 2 2 0 mm, 
A-*>x;i/<T-tfc) 7 0^WTT-feh-hU^««&5 0%K:"r«ia[ 

*4JIU *«0. 2ml/^-C*m«:fTV^ ^^K75^>h*#fe (gj 5 
) . #e>*lfe'<^K75^>h (P1~P3) ICOV^T, ^nf>f y*/->T 

e 

[0 0 2 8] 
(6) cDNASWtD^ 

i) IMR-90ttftfrg>(p#U (A) * RNA g)fl 

IHR-90<»ifi©jKy (A) + RNA tt, 77^ h h5»y *«RNA7-f V >*>y 

tfiSJCfcymO 8 «(DIMR-90|»jBJ:»JimO/*g ©3j<y (A) + RNA 
[0 0 2 9] 

ii) ^y^X^>f7-g)^g 

, faO>2n<DK y*X?5>f7-&£j«Lfe. IPS, *7*KP 2<0 6#I(Gln 
) #61 2#B(Len) *t?<&7 $ /KSHISrn- KL3S*^T0*M#|fc# 

, K©P3<0 6#g(His) l 2#B(Lys) *"T©T^ JMWMZn- 

*7^-f No.3R)££ritLfc« 5-y^X^7>f7- N .2FE «fctfNo.3R 

1 4 ffifE#¥ 0 8- 3 0 2 
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[0 0 3 0] 

No -2F: 5 ' -CAAGAiCiAACTTTTCAATT-3' 

G G G C C GC 
A 



4 



i 

No.3R: 



(0 0 3 1] 



5' -TTTATACATTGTAAAAGAATG-3* 



C G 



C G GCTG 
A C 
G T 

[0 0 3 2] 
Hi OCIFcnM^^pHB L . Kx^m 
(6)-i (A) ♦ 8NA , 1 * g „ 

10XExTaqA y7 7- 5 , , 



2.5 ■* dNTP 
cDNA** 

40aM ^9>r^-No.3R 



4 

1 *1 

0.25 n 1 

29.75 #1 

5 til 

5 #1 



CO 0 3 3 J 

15 ffi3E#¥0 8 -3 0 2 7 2 4 6 
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(6) -iii "7?#e>*lfeDNAWr^S:7>ry-$/3>*y h fcM^T 
TTlz-^U^N^^-CpBluescript II sk" ; XV^ZV-yft) tC»AL 
, *J§»DH5 a (^HBRLtt) ©T&IMESIfcffofe. fclbftfe^fMESM** 

ft400bp 00 CI FcDNA«fi^J$AS^^7^$ K**iSlC« 
V*W»Lfe. K£#A£ftTV*$OCI FcDNA©£3Sffi#! 

**<y*#>f-r**2/*-* — fr>f */l/2/-*x>2/:/4f*<5/ KTaq Dye 
Deoxy Tern ina tor Cycle Sequencing kit; 7t— 3r S/x.fl/V— it) $rfl§V*T2fej£ 

*«*!##2fttf3) ***l*nN*<i, C*«K:j|ffi-*Z£#T?£fc. 
OCIF©rt0r^/aKW fc, £<B132 fl^S^ 

7S /Baffin* cuffi-rz: #±©lt*J:y, *n-x>2Xfc*&40 

Obp OcDNAtt, OC I F cDNA»r#T?*S;i£#«a3*lfe. 
[0034] 

(8) DNA^n-T^PfEg 

(7) T?ffr*S*lfc*&400bp ©OC I FcDNAWr>i*<#Aatlfe^7^^ Kfc 
*SKLT(6)-iii <0&#T?PCR fcfrfc^ w£lC«J: U> r<3DOCIFcDNAW 
tf&J»*Lfc. 7#n-*«A«c»KJ:ytt4<>0bp ©OC I F c DN AWftffcfc 
fc. w(7)DNA fc*#y5>f ADNA 5^'J>^»/h (7T2/*A*t) &/§V*T [ 
a 32 P]dCTP T»*1»U ifi©OCIFcDNAS^inj-->mfe«»^ 

[003 5] 

(9) cDNA^T^U-CPfftft 

(6)-i -e»e>nfe^u(A) + m % 2.5 nz UT^ I/- h c 
DNA^yh (*n>-ry*tt) &Ev*TISM±CD:/n t»3-/nc«n, olig 
o(dT)pri«er &8fV*T c DNA(D^, EcoRI-SalI-Not-I7# cD 
NAt>fX75i'J'3*-i/3> &m*x.* y ->0/ttJR©«10M 1 <BTE7W 7 r 
-lC«*?Lfc. fce>*lfe7*:/*-#aiJcDNA, 0.1 /ig &T4DNA 'J#— tf& 
JSV^&fc^&fcEc RI T^WrLfel #g (DXZ&P x^^U****- U h 

1 6 ffi!E#¥0 8- 3 0 2 
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DMA 2-/1/ KII Uh7*S?->tt) &«VAT>f>^ hn^ 

<y4r-j;:/$rR«IC«U *ZAP x**7U*«#Ha.77-2;&ffrfcLfe. 
[0 0 3 6] 

(10) tt»&*7 7— :?<PX»U-r.>jf 

H9) -e»e>nfeiia*«il7T-2;«:37t;-C15^iai*Ji« XLl-BUe MRF' Uh 
5^2;->tfc) fC*£S*fc<&^ 50TC»CiiDaLfe0.7XCD^^t?NZY *%tC 
SflOU MZY ^^cflMfi^l/— hC$fcL£A/£. 37C-?^ft4H|ft % 

*-&fc&KfcV*7/l/*y3Ett©«, 4»*&U 2XSSC »«K«Lfc<B£UV*n* 
(Xh7*2;->tt) £J:»JDNA &7*/l/*-tCH£fl;Lfc. #*>*lfc7 
>f/l/*-&ioo Mg/«10^»^DNA fc^tf/W 7V ^T^f if-S/a 77- 
<7TJ/*Att) tC*»L65X:T4 ftntMSlfeft, HSEttLfe±»DNA ?n 

-^(2xio 5 c P «/ii) &*iiotfe±»^y 7r-»c#L#^65r-e-ttA>f * 

-ftf-S/a^&fTofe. MJS*7-f /l/*-&2XSSC 7?2 0, 0.1XSSC, 0.1JSDS* 

am @-en-?*i65t:-eio^ra^tfe. #e>*ifev><o^®»tt^n->&, 

Blue MRF* K«fe;5-£fce&5, ^^-^T-^ExAssist h5* 2>->tt) 
T?#M5£fcfxV\ *©**±if&*»aXLOLR (X H5*s;-:/tt) KlSlfcS 

FERM P-14998fcLT«iMfc#Xaftffi|££*X#&ffifF&mC 
[0 0 3 7] 

(11) 0CIF<P£7S y&ffiflffe J- K-fr&cDNAOgaiefllflDftfe 
(10)T*#e>tlfcOC I F c DNA©&gfe*J£*y*#>f-r**2/*-S*- 

1 7 08-3027246 
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. m^i~-774 T-ttT3, T7 -f^*-?- u &tfoc i f c 

-r. 

T3; 5' -AATTAACCCTCACTAAAGGG-3* 
J T7; 5' -GTAATACGACTCACTATAGGGC-3' 

IFl; 5' -ACATCAAAACAAAGACCAAG-3' 
IF2; 5* -TCTTGGTCTTTGTTTTGATG-3' 
IF3; 5'-nATTCGCCACAAACTGAGC-3' 
IF4; 5' -TTGTGAAGCTGTGAAGGAAC-3* 
IF5; 5* -GCTCAGTTTGTGGCGAATAA-3' 
IF6; 5' -GTGGGAGCAGAAGACATTGA-3' 
IF7: 5* -AATGAACAACTTGCTGTGCT-3' 
IF8; 5* -TGACAAATGTCCTCCTGGTA-3' 
IF9; 5' -AGGTAGGTACCAGGAGGACA-3' 
IF10; 5' -GAGCTGCCCTCCTGGATTTG-3' 
IFll; 5* -CAAACTGTATTTCGCTCTGG-3* 
IF12; 5' -GTGTGAGGAGGCATTCTTCA-3' 

[0 0 3 8] 
(12) OCIF cDNA <Dftm75XS. K(Pf£g 

(10)T?#e>tlfe»1.6kb 0OCI FcDNA#»ASftfe^7X^ K£«JI5B» 
HBaaHI «fctfXhon»8HfeU OC I F c DN 'A*40»jffiU 7#n-X«&ae 
»JC,fcoT$Hl£, QIAEX DNA 7>ry l/-i/3>^y h&«VNT»»Lfe. Z<7> 
OCIFcDNAfc, %>e>frVtoMm&mBinZl J:tfXhon??IHfc LTJ3Vn£$5 

feJBV*T»AU *»SDH5 <z (^BRLft) <7>#*MESI£fTo fc. 

1 8 flSiE#fO 8 -.3 0 2 
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&*7>f>*7A (*7*:/*t) trJSHTWHLfc. OC I F&m77Z$ Kfc 
[0 0 3 9] 

(13) OCIF cDNAg)h7>^x> h&%3Bfc < fctt-E(P?gtt(P«fe 

U2)T?#e>ftfcoc i Faa^xs k*j§v*t, «r*c&*$#areiiB*» 

*OCI F&$89J3i*\ Ufe. 8I10 5 «<Z>293/EBNAJBfi 

w hn-j;x>tt) S6"?x^u-hc!)#9x^i: lojftftJVJlrif (^nB 

RLtfc) fc£t?IMDM*J6 (^nBRLtt) *J8V*T«*&#, SB, 

9*$y (^7*3B R Lit) *#<&^n ha-*(Cftt\ *e>#C«>OPTI-MEM& 
ifi (^3BRLtt) &MV*T#flLT£v*feOC I F&£:/5;i$ FfcUtf? 

K«i:t;y3j<7x^*5>0*ii-fti-fti3 M« feim2/ii -e&o£„ 
£bjru zinsroc i Fm&mfemvyzfjitLit. ociF<©?gttajgttj^ 

TOJ:^»CLT^Tofc. &8M&1 7B©"=7«7X#«jBJB^e>0?gttMtf*^>D 
3 #«TT0>«#imfi^««:S5HBttKtt^x 7 y * — tftgttailtt'Vttlt L 
, *4>MRSttfcilftU OCIF0*Stt£bfc. +tkt>%* 9 67x^ir 
n^l/-hJC2xl O^fgttS^^VDg 1 o%^m%Mm^tta- 
MEM*« (^7*3BRLtt) TM&flLfc if >://!/ 1 0 0 it 1 *A*U 
7B©T«7X#«j»«|3x 1 0 5 «&100#l 01 0%*j|&ilElfiUt£St?a- 

MEM««ic»*3-rraHiu 5%co 2 , 3 7t:, sai 0 o%tcr-aisi 

«#3Bii:5BIk:, «#Stl 60^1 *J*£U lxl 0" 8 M?S 
ttStf*5>D 3 1 0%^lte^Jfiim&#tfa-MEM*«-?#|RLfe-9->^ 
;i/l 60m1 £*iHLfe. *#7 BS&tC'J 

*/-;i//7-fch> (1:1) fflre*JK&MK:?l£NII«U 
&ZmEWtWS&m&&X7 7 * —em&mi£**J h (Acid Ph sphatase, Leucoc 
yte , 3lj*nirNo 3 8 7-A, ^7tt) *J8Vxfeg£T?ttffl flT5Bft# 

1 9 SBI£#¥ 08-3027246 
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[004 0] 

«3] 

2 9 3/EBNA»ttT?^Stfe*t««f»©OCI Ffcft 




1/20 | 1/40 | 1/80 | 1/160 1 1/320 1 1/640 1 1/1280 




CO 04 1] 
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[004 2] 

mm** : i 
mwa&z : 6 

% : 1 

mn : 

Xaa Tyr His Phe Pro Lys 
1 5 
| [004 3] 

: 2 

K£J0>:R3 : 1 4 
*®»: 1 

Xaa Gin His Ser Xaa Gin Gin Gin Thr Phe Gin Leu Xaa Lys 
15 10 
[0044] 
ffi*f## : 3 

WM<7>&% : 1 2 

fctf>» : 1 

2 1 ffi!£#¥ 08-30272 4 6 
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♦ 



Xaa lie Arg Phe Leu His Ser Ph Thr Met Tyr Lys 
1 5 10 

[004 5] 
BW»* : 4 
SKfCDSa : 4 0 1 

«<B»: 1 

mm-. 

Met Asn Asn Lea Leu Cys Cys Ala Leo Val Phe Leu Asp lie Ser 
1 5 10 15 

He Lys Trp Thr Thr Gin Gla Thr Phe Pro Pro Lys Tyr Leu His 

20 25 30 

Tyr Asp Gin Glu Thr Ser His Gin Lea Lea Cys Asp Lys Cys Pro 

35 40 45 

Pro Gly Thr Tyr Lea Lys Gin His Cys Thr Ala Lys Trp Lys Thr 

50 55 60 

Val Cys Ala Pro Cys Pro Asp His Tyr Tyr Thr Asp Ser Trp His 

65 70 75 

Thr Ser Asp Gla Cys Lea Tyr Cys Ser Pro Val Cys Lys Glu Leo 

80 85 90 

Gin Tyr Val Lys Gin Glu Cys Asn Arg Thr His Asn Arg Val Cys 

95 100 105 

Gla Cys Lys Gla Gly Arg Tyr Lea Glu He Gla Phe Cys Lea Lys 

110 115 120 

His Arg Ser Cys Pr Pro Gly Phe Gly Val Val Gin Ala Gly Thr 

125 130 135 

Pro Gla Arg Asn Thr Val Cys Lys Arg Cys Pr Asp Gly Phe Phe 

2 2 ffilE#¥ 08-3027246 
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• 140 145 150 

Ser Asn Glo Thr Ser Ser Lys Ala Pro Cys Arg Lys His Thr Asn 
155 160 165 

Cys Ser Val Phe Gly Leu Leu Leu Thr Gin Lys Gly Asn Ala Thr 
170 175 180 

-His Asp Asn lie Cys Ser Gly Asn Ser Gin Ser Thr Gin Lys Cys 

185 190 195 

Gly He Asp Val Thr Lea Cys GIu Gla Ala Phe Phe Arg Phe Ala 

200 205 210 

Val pro Thr Lys Phe Thr Pro Asn Trp Leu Ser Val Leu Val Asp 

215 220 225 

Asn Lea Pro Gly Thr Lys Val Asn Ala Gin Ser Val Gla Arg He 

230 235 240 

Lys Arg Gin His Ser Ser Gin Gla Gin Thr Phe Gin Lea Lea Lys 

245 250 255 

Lea Trp Lys His Gin Asn Lys Asp Gin Asp He Val Lys Lys lie 

260 265 270 

He Gin Asp He Asp Lea Cys Gla Asn Ser Val Gin Arg His He 

275 280 285 

Gly His Ala Asn Lea Thr Phe Gla Gin Lea Arg Ser Lea Met Gla 

290 295 300 

Ser Lea Pro Gly Lys Lys Val Gly Ala Gla Asp He Gla Lys Thr 

305 310 315 

He Lys Ala Cys Lys Pro Ser Asp Gin He Lea Lys Lea Leu Ser 

320 325 330 

Leu Trp Arg He Lys Asn Gly Asp Gin Asp Thr Leu Lys Gly Leu 

335 340 345 

Met His Ala Leu Lys His Ser Lys Thr Tyr His Phe Pro Lys Thr 

350 355 360 
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Val Thr Gin Ser Leu Lys Lys Thr lie Arg Phe Leu His Ser Phe 
365 370 375 

Thr Met Tyr Lys Leu Tyr Gin Lys Leu Phe Leu Glu Met He Gly 
380 385 390 

Asn Gin Val Gin Ser Val Lys He Ser Cys Leu 

' 395 400 

[0 0 4 6] 

mm** : 5 

mfl(D&Z : 1 2 0 6 

mmomMi cdna 

ATGAACAACT TGCTGTGCTG CGCGCTCGTG TTTCTGGACA TCTCCATTAA GTGGACCACC 60 
CAGGAAACGT TTCCTCCAAA GTACCTTCAT TATGACGAAG AAACCTCTCA TCAGCTGTTG 120 
TGTGACAAAT GTCCTCCTGG TACCTACCTA AAACAACACT GTACAGCAAA GTGGAAGACC 180 
GTGTGCGCCC CTTGCCCTGA CCACTACTAC ACAGACAGCT GGCACACCAG TGACGAGTGT 240 
CTATACTGCA GCCCCGTGTG CAAGGAGCTG CAGTACGTCA AGCAGGAGTG CAATCGCACC 300 
CACAACCGCG TGTGCGAATG CAAGGAAGGG CGCTACCTTG AGATAGAGTT CTGCTTGAAA 360 
CATAGGAGCT GCCCTCCTGG ATTTGGAGTG GTGCAAGCTG GAACCCCAGA GCGAAATACA 420 
GTTTGCAAAA GATGTCCAGA TGGGTTCTTC TCAAATGAGA CGTCATCTAA AGCACCCTGT 480 
AGAAAACACA CAAATTGCAG TGTCTTTGGT CTCCTGCTAA CTCAGAAAGG AAATGCAACA 540 
CACGACAACA TATGTTCCGG AAACAGTGAA TCAACTCAAA AATGTGGAAT AGATGTTACC 600 
CTGTGTGAGG AGGCATTCTT CAGGTTTGCT GTTCCTACAA AGTTTACGCC TAACTGGCTT 660 
AGTGTCTTGG TAGACAATTT GCCTGGCACC AAAGTAAACG CAGAGAGTGT AGAGAGGATA 720 
AAACGGCAAC ACAGCTCACA AGAACAGACT TTCCAGCTGC TGAAGTTATG GAAACATCAA 780 
AACAAAGACC AAGATATAGT CAAGAAGATC ATCCAAGATA TTGACCTCTG TGAAAACAGC 840 

2 4 fflSE4#¥ 08-3027246 
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GTGCAGCGGC ACATTGGACA TGCTAiCCTC 
AGCTTACCGG GAAAGAAAGT GGGAGCAGAA 
CCCAGTGACC AGATCCTGAA GCTGCTCAGT 
ACCTTGAAGG GCCTAATGCA CGCACTAAAG 
GTCACTCAGA GTCTAAAGAA GACCATCAGG 
HTCAGAAGT TATTTTTAGA AATGATAGGT 
TTATAA 



ACCTTCGAGC AGCTTCGTAG CTTGATGGAA 900 
GACATTGAAA AAACAATAAA GGCATGCAAA 960 
TTGTGGCGAA TAAAAAATGG CGACCAAGAG 1020 
CACTCAAAGA CGTACCACTT TCCCAAAACT 1080 

ttccttcaca gcttcacaat GTACAAATTG 1140 

AACCAGGTCC AATCAGTAAA AATAAGCTGC 1200 

1206 



♦ 



» 



25 



ffJIE#¥ 08-3027246 



7-207508 



mi] 

HiLoad-Q/FF*8iI^ 8Sfi (ms) fc H iLoad-S 
[E92] 

,^>-5PWWW|i (ft* 5) ft**— 5 PW*»AIC*»|t*:»© 

[S3] 

[04] 

*»»»»a©jt7C*fl:Ti:^a7c*ff TKJStt * S D S - P A G E 

l/->2, 5 ; tT-^r 6 
U->3, 6 ; 7 
CB5] 

* 9 A tc a* ^ $ © »a ^ n 7 r 4 ji -r . 
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3 
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[04] 



t 2 3 




4 
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[E95] 
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[ 841 sm 

mm 

*. 

(a) (SDS-PAGECfc*) ;»60kD Gt7C&#T) * »60 
D&tf*& 1 2 0 k D (#3t7C*#T) 

(b) ; »>f *>££#&tf'\Ay >K#l,TiW&ttfc3*1\ 

(c) 7 or, l o&ra*fc&5 6r, 3 o#w©aw&aK:«fc»jiStt 

(d) 7$ /MOT; (*»7$>'MOTi:LT«W* 1 ~3 0D7S / 
MOT&fco. 

[SIRS] fc L 
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[ £4] 
[|JIE»»] 



<S£flHI • ffMHI> 

[fttIA] 
[fttIA] 



000006699 

tt*atfi«im*Bif a* 6 r s i # i # 

*»A 

100090941 

*1*iMfr«Kra£lTB2#l* H&tf;i/8 
ff IF • Jl£ftflF*l&ffi 

b» 

*»A 

100105061 

*^«fr«Klzg#lTS2#l# H9lbf^8| 
1 
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ft s 



I * * # : 7 *mz m 978 * 
l»*J! B :*R 7# 6A 2 IB 



s» frr mm 




* 5 * it 



lEbl5iB 



S3 



»bk/oim o 



ORH) 



PERM P- 14998 



□ 



1 
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a « i ff i 



[0 0000669 9] 



1. X3E*U!B 

ft m 

ft & 



1 990f 8 J! 2 8 B 

mmstm 

jbMMtmmnz&ws 6 T g 1 » 1 * 
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